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Free-Edge Effects in Anisotropic 
Laminates Under Extension, 
Bending, and Twisting, Part II: 
Eigenfunction Analysis and the 
Results for Symmetric Laminates 
The eigenvalue problem associated with the determination of the interlaminar stresses 
in a laminated strip is examined and physical interpretations are given to the (con-
stant) particular solutions and the complementary solutions of the problem. The 
case of symmetric laminates is considered in detail, and variational solutions are 
computed for four-layer, symmetric, cross-ply, and angle-ply laminates subjected 
to the three fundamental types of strain loads. Solutions based on two sets of stress 
functions with polynomial expansions of different degrees are compared with each 
other and with the existing solutions to assess the accuracy. The interfacial values 
of the stress functions and their derivatives are identified as the resultant peeling 
and shearing forces over end intervals of the interface. 
1 Introduction 
In Part I of this paper, we derived, without approximation, 
a variational equation for the Lekhnitskii stress functions F 
and ¥ in the various layers of a laminated strip with two parallel 
free edges along x - ±a. The variational equation contains 
three strain load parameters B, C, and 9 characterizing, re-
spectively, axial extension, bending and twisting of the strip. 
In this equation, 
2 J j tiMjdxdy+Yi (5flMi-29)jJ W dxdy 
- ^ (C-By,) j ([fli2/flii],5G/+[fl,6/fl„]I-8*,)£fe 
-Bj] ian/anlj 5Fidx = 0, (1) 
the double integrals are summed over all layers and the single 
integrals are summed over all interfaces. The functions F-, (x), 
Gj (x) and ^,(x) denote, respectively, the values of F(x, y), 
F,y(x, y) and V(x, y) on the rth interface y = yh The bracket 
symbol[ ],• stands for the jump of the quantity inside the bracket 
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across the /th interface. There are n + 1 generally anisotropic 
layers separated by n interfaces. 
When the stress functions in each layer are approximated 
by polynomial expansions in terms of the thickness coordinate, 
and when the expansions are substituted into the variational 
equation, we obtain the Euler-Lagrange equation of the fol-
lowing form: 
W 5? + V ^ + U [X} = {b\ (2) 
where the vector [b] is known in terms of the three strain 
loads and where the coefficient functions in [X] satisfy the 
homogeneous boundary conditions at the free edges x = ±a: 
^ = F/=G, = G/= *, = //, = (), (i=l,2 n), H0 = 0. (3) 
Thus, the analysis of Part I reduces the interlaminar stress 
problem of the laminated strip to a mathematical problem, 
which governs the coefficient functions of the polynomial ex-
pansions of the stress functions. In this part of the paper, the 
eigenvalue problem associated with Eqs. (2) and (3) is exam-
ined, and solutions are obtained for the interlaminar stresses 
in angle-ply and cross-ply symmetric laminates using two dif-
ferent polynomial expansions of the stress functions (one lower 
order and another higher order). The results of the present 
solutions are compared with previous solutions by other au-
thors (for the case of axial extension load) and found to be in 
close agreement. It should be mentioned that, while there is a 
larger number of numerical solutions in the literature con-
cerning the interlaminar stresses in a symmetric four-layer lam-
inate loaded under axial strain, existing results for the bending 
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and twisting cases are scarce (for the case of bending loads, 
see Salamon, 1978; Ye, 1990; for the twisting case see Chan 
and Ochoa, 1987 and Li, 1992. See also Murthy and Chamis, 
1989). The present analysis method generally yields the solu-
tions for all three distinct cases of strain loads in terms of the 
same set of eigenfunctions1. 
2 The Particular Solution 
Let the laminated strip -a < x < a be extended in imag-
ination to a (fictitious) infinite laminate and let this infinite 
laminate be subjected to a deformation characterized by 
ay = Txy = Tn = 0, (A) 
ex = e°-yKx, ez=C-By, yxz = y°xz-Qy, (5) 
where e°, y°xz, and KX are three constants chosen in such a way 
as to yield vanishing resultants Nx, Nxy, and Mx in the infinite 
laminate: 
NxmL J <jx
ndy = 0, Nxz = L j rxz
)dy = 0, 
Mx=-L ax"ydy = 0 (6) 
The integrals in these expressions are summed over all layers 
and o-j'' and TXZ denote the stresses in the /th layer determined 
by Eqs. (4) and (5). Notice that the strain and stress fields of 
the infinite laminate as determined by Eqs. (4)-(6) are functions 
only of the thickness coordinate y. Hence, the corresponding 
stress functions F ( , ) and ty10 in the various layers are also 
functions of y only. 
Since the strain components ex, ez, and yxz of Eq. (5) depend 
linearly on y, the stresses in the infinite laminate must be 
piecewise linear iny. Hence Fu) and ^ ( , ) are expressed exactly 
by equations of the form (16) and (17) in Part I, except that 
Fj, G„ ¥,-, and // , are constants rather than functions of x. 
With all the stress and strain components independent of x, 
the variational Eq. (1) for the fictitious infinite laminate re-
duces to 
2 H IF, >yyt * »y J 022 $26 026 066 bky)
dXdy 
BaYi/aW-lQ \s9wdy-Yi '.C-By,){[a12/ax{\, 
Y.bG,+ [aX6/au\tM,)-B J] [«i2/fln]/5^ = 0. 
The corresponding Euler-Lagrange equation becomes 
U{X}- (7) 
Thus, although the differential equation for the finite strip, 
Eq. (2), is only approximately valid because it is based on 
polynomial approximations of stress functions, the governing 
Eq. (7) for the fictitious infinite laminate is, in contrast, exactly 
valid. Furthermore, the unique solution of the infinite laminate 
problem is characterized by 
{X}" = V-llb} (8) 
Because the solution of the infinite laminate problem may be 
obtained by solving e°, yxz and KX from the system of equations 
in Eq. (6) and then calculating the stresses ax
:) (y) and TXZ (y) 
and the stress functions FM(y) and ^ ( l ) ( j ' ) , the invertibility 
of the matrix U is ensured. {X)p as given by Eq. (8) is a 
particular solution of the governing equation, Eq. (2), for the 
finite strip. 
'For an exception to this statement, see the remark on cross-ply laminates in 
the last paragraph of Section 3. 
3 Solution of the Eigenvalue Problem 
The first step in solving the eigenvalue problem associated 
with Eqs. (2) and (3) is the determination of all real and complex 
roots of the characteristic equation 
Determinant (WX4 + VX2 + U) = 0. (9) 
This equation is of the form usually found in vibration prob-
lems of a damped system. However, while the matrix U is 
always nonsingular and V is generally nonsingular, the nonzero 
elements of W are confined to a submatrix in the upper left 
corner. Thus, if the laminate has n + 1 layers and if the stress 
functions F ( , ) and tyM in each layer are approximated, re-
spectively, by cubic and quadratic functions of the thickness 
coordinate (see Eqs. (16) and (17) of Part I), the matrices U 
and V have the dimension An + 1 while W*, the nonvanishing 
submatrix of W, has the dimension In. Equation (9) is a pol-
ynomial equation of the degree 2 x 2n + In + 1 = 6« + 1 
in the variable X2. Hence there are 6« + 1 pairs of real and 
complex eigenvalues, with each pair consisting of eigenvalues 
which differ only in algebraic sign. Considered as an equation 
for X2, the characteristic equation yields no solutions X2 with 
negative real parts. Hence there are no purely imaginary ei-
genvalues. 
Equation (9) can be transformed, through algebraic manip-
ulations, into a characteristic equation of the standard form 
Determinant ( M - X I6„+1) = 0, (10) 
which is associated with a real square matrix M of dimension 
6n + 1, defined as the product of two matrices in the following 
manner: 
M = 






h o o 
(11) 
The transformation to Eq. (10) allows commercial and public-
domain computer programs to be readily used for determining 
all real and complex roots. 
Once a real or complex eigenvalue X̂  has been computed, 
the corresponding eigenvector [c]k (which determines the ei-
genfunction [c}k exp (\k x)) may be obtained by solving the 
algebraic equations (W \\ + V X| + U) [c]k = (0) . The 
eigenfunctions are combined linearly to form the complemen-
tary solution. The latter decays rapidly away from the two free 
edges and has a vanishing effect on the stresses in the interior 
of the laminate. The coefficients in the complementary solution 
are appropriately chosen so as to cancel exactly the tractions 
of the particular solution at the free edges. Hence, the free-
edge conditions are exactly satisfied while the stress field in 
the interior region away from the free edges is closely ap-
proximated by the particular solution (i.e., the solution of the 
fictitious infinite laminate subjected to the same strain load). 
In the case of a cross-ply laminate with the material axes 
parallel and perpendicular to the free edges, the solution space 
of the eigenvalue problem decomposes orthogonally into sub-
spaces of dimensions 8/? and An + 2. The two subspaces are 
associated, respectively, with the two stress functions F and 
^ (Notice that there is no coupling between F and ^ in the 
Euler-Lagrange equation because the elastic compliance coef-
ficients 02
(6), 0361 > 04(5), and a}? (see Eq. (4), Part I) vanish in 
every layer of a cross-ply laminate). Consequently, Eq. (2) 
uncouples into a system of In fourth-order differential equa-
tions for the functions F: and G, and another system of In 
+ 1 second-order equations for the functions i',- and Hh The 
first system of equations determines the solutions under axial 
extension and bending while the second system of equations 
determines the solutions associated with the twisting defor-
mation. 
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4 The Case of Symmetric Laminates 
If the laminate is symmetric with respect to the middle plane 
y = 0, then all stiffness and compliance coefficients of the 
layers are even functions of v. In particular, there is no dis-
continuity in an/au or al6/au across the plane y = 0 if that 
plane is artificially regarded as an interface. Hence there are 
no contributions to the single integrals of Eq. (1) from the 
interface y = 0. 
For a symmetric laminate loaded under a uniform axial strain 
only (i.e., 5 = 6 = 0 and e° = C ^ o), the deformation and 
the stress in the laminate are symmetric with respect to the 
middle plane. Hence F is an even function of y while F,y and 
^ are odd functions. In particular, G = ^ = 0ony = 0. 
Setting B = 9 = 0 in Eq. (1), one finds that the regions of 
the laminate above and below the middle plane make equal 
contributions to the sum of integrals. 
The last conclusion may also be reached for a symmetric 
laminate subjected to bending and twisting (C = 0, while B 
and 9 do not both vanish). In such loading cases, F\s an odd 
function of y whileF,y and ^ are even functions. In particular, 
F = ty,y = 0 on y = 0. Because ai6/an is an even function 
of y while the interfacial jumps [«i2/«ul and [«i6/«nl are odd 
in y, the sum of integrals in Eq. (1) receives equal contributions 
from the regions above and below the middle plane. 
Hence, in the case of a symmetric laminate, the number of 
unknown functions in Eq. (2) may be significantly reduced. 
Only the functions Fh G,, ^ , , and H, associated with the in-
terfaces on and above the middle plane need be included in 
the vector [X]. Let these interfaces be renumbered in the 
ascending order, starting with interface 0 on v = 0. Then, for 
the uniform axial strain load (i.e., C ^ 0 and 5 = 9 = 0), 
the required set of unknown functions include Fh G,, yh and 
H, (for / > 1) and the functions F0 and H0. Under bending 
and twisting loads (i.e., C = 0), F0 and H0 are replaced by G0 
and ty0. 
For the classical problem of a symmetric, four-layer laminate 
under an axial strain load, there is only one interface in the 
upper half of the laminate and the stress functions in the two 
layers in the upper region (renumbered as layers 1 and 2) have 
expressions 
Fw (x,v) = (1 - 3r)
2 + 2r,3)F0 (x) + (3r,








3)Fl(x) + (ri-2v' + r,
3)h2Gs(x), (12b) 
¥'\x,7,) = n




The vectors [X\ and {b\ become, respectively, \F0{x),F\{x), 
GI(JC), * I ( J C ) , Hdx), # , ( * ) ! ' and [0, 0, C[an/an]u C[«i</ 
«n] . ,0 , 0) ' . 
In the cases of bending and twisting loads one has C = 0. 
The stress functions in layer 2 are still given by Eqs. (12£>) and 
(12c?) while Eqs. (12a) and (12c) are replaced by 
FW (X,,>) = (!) - 2r,2 + r,3)/!1G0(x) + (3r,
2 - 2T,3)F, (X) 
+ (v
3-r,2)h1G1(x), (13a) 
1/0)/ f l " ( ^ ) = ( l-J ,
2)t0(x) + ^ , ( ^ ) . (Mb) 
Furthermore, the vectors {X} reduces to [Fi(x),G0(x),Gi(.x), 
y0(x), ^i(x), H\(x)}' and [b] has the components bx 
= fl[«i2/flnli, b2 = 0, bi = -Bhdan/anh, bA = 2(20 -
Ba®/a$)h\n,bi = -Bhx[axb/an\x + (20 - Ba$/a[hhx/l 
+ 2(20 - Ba$/aff)h2/3 and b6 = (h
2
2/6) (20 - Ba$/aff). 
5 Results for Symmetric Four-Layer Laminates 
When the stress functions are approximated by polynomial 
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Fig. 2 rxy on y = h in cross-ply laminates under i2 = 1 
expressions of the constant matrices U, V, and W are obtained 
in terms of the layer elasticity, thicknesses, and orientation 
angles by using the symbolic program MACSYMA (1988). 
Fortran codes are developed for solving the eigenvalue problem 
and evaluating the interlaminar stresses along the interfaces 
under the various strain loads. In the case of a four-layer 
laminate, execution of the Fortran program takes about one 
second on a 486 personal computer. 
For convenience of comparison with the existing solutions 
in the literature, approximate solutions are obtained by the 
present method for symmetric, four-layer laminates composed 
of unidirectional plies with the same thickness h and with the 
elastic moduli En = 20 X 10
6 psi, E2 = £ 3 = 2.1 x 10
6 psi, 
"i2 = "n = "23 = 0.21 and G12 = G13 = G23 = 0.85 x 10
6 
psi. The distance between the pair of free edges is w = 2a = 
16/2. 
We first consider four-layer symmetric cross-ply laminates 
with the ply configurations [0/90]s and [90/0],. For the case 
of a unit axial strain load (C = 1 and 5 = 0 = 0), the 
interlaminar stresses oy and rxy on the interface y = h are 
shown by the broken curves in Figs. 1 and 2, respectively. An 
additional set of improved variational solutions, based on 
quintic polynomial expansions of Fu) and cubic expansions 
of ty10, is also obtained and the results are shown by solid 
curves in the same figures. The difference between the two set 
of solutions is insignificant except in the immediate neigh-
borhood of the free edge. Solutions based on the higher-order 
polynomial expansions of the stress functions yield steeper 
stress gradients near the free edge. These solutions are in very 
close agreement with the numerical solutions of Wang and 
Crossman (1977). The latter are shown in the same figures by 
open square symbols. We note that the ^-coordinate in all 
figures has been shifted so that x = 0 denotes the left free 
edge of the laminated strip. 
For the [0/90], laminate under unit bending and twisting 
deformations (B = \/h and 9 = l/h, respectively), the non-
vanishing interlaminar stresses on the interface y = h (based 
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ffy under bending (B = 1/h) 
T j ^ under bending (B = 1/h) 
(1 /5)T y z under twisting 
(e=i/h) 
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Fig. 3 [0/90]s laminate under bending and twisting 
on Eqs. (12) and (13)) are shown in Fig. 3. The results for the 
bending deformation is close to that for the axial strain load, 
except for a reversal of algebraic signs. This may be expected 
because a bending curvature B = 1/h yields an axial strain ez 
= - 1 on the interface^ = h. The mode III interlaminar stress 
Tyz produced by the twisting load, 9 = 1//;, is found to be an 
order of magnitude greater than the mode I and mode II 
interlaminar stresses produced by a unit axial strain or by the 
bending curvature B = 1/h. This is also not surprising because 
the shearing strain near the free edge caused by 9 = 1/h is 
of the order 2a/h, i.e., an order of magnitude greater than 
unity. 
In the case of [45/ -45L angle-ply laminates, the solution 
space of the governing differential equation is not orthogonally 
decomposable. Hence, all three components of the interlam-
inar stresses generally occur in each one of the loading cases. 
The interlaminar stresses on the interface y = h are shown in 
Figs. 4 and 5, respectively, for the extension and twisting loads, 
and the results in Fig. 4 are compared with the solutions of 
Wang and Choi (1982). Additional results may be found in 
Yin (1991a). Here again a twisting deformation (9 = 1/h) 
produces a very large mode III interlaminar stress. Notice that, 
according to the linear elasticity solution, all six stress com-
ponents approach infinite limits as one approaches the singular 
point along the interface from the interior of the laminate. 
This discontinuous behavior can be approximated by the con-
tinuous fields of the present solutions (and those of finite 
element solutions) in a limiting sense only, when an increasingly 
large number of terms are included in the polynomial repre-
sentations of the stress functions. 
6 Physical Meanings of the Functions F'j(x), Gt(x) and 
%(x) 
The values of the stress functions and their ^-derivatives 
along the z'th interface, given by the functions Fj(x), ^fi(x), 
G, (x), and H, (x), are related to the resultant forces and mo-
ments of the normal and shearing interlaminar stresses over 
interfacial intervals of varying lengths adjacent to the free edge. 
That is, over the interval [0, x] of the ith interface (where the 
origin x = 0 has been shifted to the left free edge) we have 
I Oydx= I F"dx=F,\x), \ Txydx= - 1 G',dx= -G,(x) 
\x <jydx=xFi\x) -Fi(x), \ ryzdx= - 1 ̂ ,'dx = -¥,-(x). 
(14) 
In particular, the maximum absolute values of G,- and SF,, 
reached at the centerline of the strip, are equal to the resultant 
forces of the interlaminar shearing stresses rxy and ryz, re-
spectively, over one half of the ith interface. In most cases, 
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Fig. 4 [45/ -45] , laminate under unit extension (E2 = 1) 
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Fig. 5 [45/ - 45]s laminate under twisting deformation (6 = 1/h) 
or minimum values at the centerline of the strip. If G, or ^, 
attains a large value in a very short distance from the free 
edge, then an intense interlaminar shearing action (of mode 
II or III, respectively) occurs in a very short interval from the 
free edge. This situation is susceptible to delamination failure 
under the shear fracture mode. 
The behavior of the function Fj'(x) has a similar implication 
for the interlaminar normal stress. This function usually in-
creases from zero at the free edge to a maximum or minimum 
value in a short distance from the edge. It then decays slowly 
to zero at the midpoint of the beam. If F/increases from zero 
to a large maximum value in a narrow boundary interval, then 
an intense interlaminar normal stress acts in that short end 
interval, and the resultant peeling force is balanced by an equal 
compressive force distributed over the remaining portion of 
the half interface. This situation is susceptible to delamination 
failure under the peeling fracture mode. 
Over short end segments of an interface, the average values 
of intense peeling and shearing stresses are provided by the 
ratios of F{, G„ and ¥,- to the segment length. These average 
values are meaningful measures of the criticality of interlam-
inar action, and may be used as parameters in the interlaminar 
fracture criteria for the peeling and shearing modes of failure. 
Being global measures, they are less affected by deviation of 
material behavior from the assumption of linear elasticity, and 
by the crudeness or refinement of the approximate analysis, 
than the pointwise values of the interlaminar stresses. That is, 
' a relatively simple analysis (involving low-degree polynomial 
approximations of the stress functions) may provide unreliable 
results for the detailed interlaminar stress distribution along 
the interface, but may still yield accurate results for the max-
imum values of F(, G,-, and ¥,-. 
Figures 6 and 7 show, respectively, the functions F{(x) and 
Gi (x) for the four-layer symmetric cross-ply laminates under 
a unit axial strain load. The differences between the solutions 
with cubic and quintic polynomial expansion of Fu) are con-
siderably smaller than the differences between the correspond-
Journai of Applied Mechanics JUNE 1994, Vol.61 /419 
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Fig. 6 F-! (x)lh in cross-ply laminates under «z = 1 
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Fig. 7 Gi(x)lh in cross-ply laminates under fz = 1 
ing results for the interlaminar stresses (Figs. 1 and 2). This 
and other comparisons (for a laminated beam subjected to 
temperature loads, see Yin, 1992a) demonstrate that the re-
sultant peeling and shearing forces over end segments of an 
interface are predicted with satisfactory accuracy by the var-
iational solutions using lower-degree polynomial expansions 
of the stress functions, even though such solutions may yield 
poor results for the pointwise values of the interlaminar stresses 
near the free edge. 
7 The Effect of Laminate Width 
It was mentioned previously that the characteristic Eq. (9) 
has two sets of eigenvalues which differ only in algebraic sign. 
The eigenfunctions corresponding to eigenvalues with positive 
(negative) real parts decay exponentially away from the right 
(left) free edge of the laminate. If the width-to-thickness ratio 
of the layers is large, then the first (second) set of eigenfunc-
tions make negligible contribution to the solution away from 
the right (left) free edge. That is, the solutions in the left and 
right halves of the laminate are approximately uncoupled. 
Hence, for sufficiently large values of w/h, the interlaminar 
stress distribution near a free edge is not appreciably dependent 
on w/h. This conclusion is substantiated by the results for [0/ 
45]* laminates with w/h = 4, 8, 16, and 50 (see Fig. 9 of Yin, 
1991a for the results under the unit axial strain load). The 
interlaminar stress distributions approach limiting patterns as 
w/h increases. The ratio has a significant effect on the inter-
laminar stresses only if the width w = 2a becomes comparable 
to the laminate thickness. The present conclusion, while in 
agreement with the results of Salamon (1981), is contrary to 
the contention of Murthy and Chamis (1989) concerning the 
effect of laminate width. 
8 Concluding Remarks 
A systematic approximate method has been developed for 
determining the free-edge interlaminar stresses in a multilay-
ered anisotropic laminate subjected to combined axial strain, 
bending and twisting deformation. The method is based on 
the complementary virtual work principle with the use of 
Lekhnitskii's stress functions. 
Aside from using polynomial expansions of the stress func-
tions, the present analysis introduces no extraneous assump-
tions and is mathematically rigorous within the context of the 
variational approach. The method is also conceptually simple, 
and straightforward in practical implementation. The latter 
feature is due largely to the complete avoidance of explicit use 
of displacement variables, which are not needed for evaluating 
the interlaminar stresses. Not only is the number of unknown 
functions significantly reduced in comparison with an alter-
native variational method based on the Reissner principle 
(which yields approximate solutions with comparable accuracy 
for a four-layer laminate, see Pagano, 1978), the present anal-
ysis is also free from the occurrence of zero eigenvalues as-
sociated with rigid displacement modes that have no effect 
upon the solution for the interlaminar stresses. 
In the /th layer, the first-order partial derivatives of the stress 
function F and the value of the stress function ^ provide useful 
measures of the severity of the interlaminar action near the 
free edge. These values are less affected by the degree of re-
finement of the approximate analysis method than the detailed 
distributions of the interlaminar stresses are. They may be used 
as parameters in fracture criteria for the initiation of delam-
ination failure. 
The present analysis method has been implemented on per-
sonal computers. It requires very simple preparation of input 
data, and is ideally suited for parametric studies and repeated 
executions in design and optimization of laminates. The results 
for the interlaminar stresses, obtained here for symmetric four-
layer laminates, are comparable in accuracy to refined finite-
element solutions involving several hundreds of degrees-of-
freedom (with the possible use of special corner elements). If 
the laminate has a large number of layers, a sublaminate/layer 
approach developed in a companion study (Yin, 1992b) may 
be used to reduce the eigenvalue problem to a fixed size in-
dependent of the number of layers. In this approach, two 
interior layers adjacent to a particular interface are modeled 
as anisotropic elastic media, while all remaining layers are 
grouped into an upper and a lower sublaminate. The sublam-
inate/layer modeling and analysis takes into account the com-
bined stiffness matrices of the remote layers, as well as the 
distinct elastic properties of the two adjacent layers (the latter 
affect directly the nature of stress singularity of the elasticity 
solution). 
Using the superposition method, the present analysis pro-
cedure may be modified to calculate the interlaminar stresses 
in a multilayered laminate caused by humidity and temperature 
loads. The analysis procedure of hygrothermal stresses has 
been developed in the special case of a laminated beam (Yin, 
1991b), and suggested for the general case of a laminated strip 
(Yin, 1993b). Furthermore, if the stress functions in each layer 
are expressed in terms of oblique cartesian coordinates, the 
present analysis method may be adapted to determine inter-
laminar stresses near inclined free edges (Yin, 1993a). Appro-
priate choices of the edge inclination angles may result in more 
dispersed patterns of interlaminar stresses on critical interfaces. 
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ANNOUNCEMENT 
During Sept. 21-23, 1994, the Europe-U.S. Workshop on Fracture of Quasibrittle Materials: Experiment, Theory and 
Computation" will be held at the Czech Technical University in Prague, Czech Republic. The Workshop, which is a sequel 
to that held at E.N.S. de Cachan, France, in 1988, will be co-chaired by Prof. ZdenSk P. Bazant (Northwestern University) 
and Prof. Zdenek Bittnar (Czech Technical University). Professor Jacky Mazars (E.N.S. de Cachan) will serve as the Scientific 
Committee Chairman and Prof. Jifi Sejnoha (Czech Technical University) as Program Chairman. The Workshop is financially 
sponsored by the U.S. National Science Foundation and (through ALERT) by the European Community. IA-FraMCoS 
(International Association of Fracture Mechanics for Concrete and Concrete Structures) is the scientific sponsor. Participation 
is by invitation only. A number of specialists have already been invited to participate; however, there is still room for some 
additional participants. Upon expression of interest to Prof. Bazant (Dept. of Civil Engineering, Northwestern University, 
Evanston, IL 60208, U.S.A.; tel: 708-491-4025, fax: 708-467-1078, E-mail: z-bazant@nwu.edu), further invitations can be 
extended provided that the number of participants does not exceed a reasonable limit. 
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